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Abstract 
Causes mechanical, thermal, chemical, electrochemical related to the oral environment are effects ranging from 
simple weathering of biomaterial to the final break, through irreversible deformation, the more invisible and 
insidious. Study closer to all of these requirements and how to reconcile them is the goal of our work involves the 
development and analysis of the cements commonly used by dentists and especially cement oxy - zinc phosphate. 
The powder of zinc phosphate cement is typically made of zinc oxide annealing, alone or mixed with other oxides. 
The choice and dosage of these oxides must reflect the requirements presented to the concrete (resistance to crushing, 
shear, acidity, toxicity, solubility, etc ...). Thus the formulation of the composition cement needs to have an optimal 
mix of different components to achieve desired quality cement. Therefore, we limited the number of formulas or 
mixtures confined to the study of a unique blend of high purity raw materials which we have subjected three regimes 
of firing at a fixed temperature of 1350 ° C. The test results show that the cement produced is of very good quality 
and meets the required standards. 
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1. Introduction 
Modern forms of phosphate luting cements consist of zinc powder and a liquid (phosphoric acid) 
The powder is made of zinc oxide annealing, alone or mixed with other powders. It is annealed at a 
temperature of 1300 ° C for several hours in order to reduce its reactivity, which allows handling and
proper curing time. Without handling this so-called sintering, decision would be too fast [6]
Zinc oxide is the basic element of this powder. Depending on the type of cement, the percentage varies
from 79 to 100% [7]. Whatever the formula chosen, the steps of preparing the powder compositions are 
similarly. 
The liquid is an aqueous solution of phosphoric acid (H
 3 PO 4), containing 33 ± 5% by weight of water, 
so less water than silicate cement from 40 to 45%. 
Also found in the liquid, magnesium oxide and metal salts. 
Although the compositions of liquids are similar, the liquid should not be interchanged to be used with 
different powders. 
2. Materials and Methods 
2.1. Properties: General standards
The zinc phosphate cements are governed by standards ADA. Test No. 8 of the ADA requires for zinc 
phosphate cements, to produce a disc of 30 ± 1 mm in diameter, consistency normal mixture: 
- Curing time at 37 ° C: at least 4 minutes, maximum 10 minutes; 
- Compressive strength Minimum recommended (840 kg / cm2) after 7 days (68.7 MPa) (9960 PSI) after 
24 hours; 
- Film thickness: up to 40 IM; 
- Solubility and disintegration: maximum 0.3% by weight. 
2.2. Materials required
 Powder and liquid, plate glass, cement spatula, spatula mouth and chronometer. 
2.2.1. Materials 
• Cement 
It must be prepared and supervised the field work. The vials of powder and liquid should be 
hermetically closed. The contact of the powder with the carbon dioxide from the air the effect of 
bubbles on the surface. This changes the reaction making. The liquid is hydrophilic. Contact with 
air leads to evaporation or water absorption, depending on the degree humidity of the atmosphere 
surrounding and following the pressure vapor liquid itself [8]. 
By controlling the vials, the appearances of crystals on the walls of the bottle or any aspect of the 
liquid mean troubled insufficient water in the liquid. This requires using a new vial. Manufacturers 
have provided an excess of 20% (standard No. 8 ADA) [7]. 
• Plate glass 
A glass plate, large enough (10 × 20 cm) and smooth, can be used three methods: 
- At room temperature (23 ° C), the setting time is fast; we obtain an exothermic reaction and a 
poor quality cement; 
- Cooled slightly (10%) below the dew point the atmosphere, otherwise moisture condenses on the 
shelf and faster decision, these conditions allow a setting time which 
varies between 4 and 10 minutes; 
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- Frozen (- 20 ± 1 ° C), this results in an exothermic reaction light, a rapid increase in pH, a slight 
thickening of film of cement, an increase of working time and decrease the setting time [3].  
Are also necessary: 
-  A cement spatula stainless steel flexible and broad enough to crash of a better product; 
- A spoon to mouth to brush the walls of the axial prosthetic devices; 
-   A timer to set the working time. To note that the use of dose is not strict. The consistency may 
vary according to clinical and trial of the dentist. Compliance with the manufacturer's instructions 
still useful and important. 
 For a normal consistency, the mixture is of the order of 1.4 g powder for `0.5 cm of liquid [7]. 
2.2.2. Method
• Mixing technology. 
The doses of powder and liquid are deposited on a necessary glass plate slightly cold (10 ° C). The 
powder is spread and divided into several portions: small, medium and large (1 / 16, 1 / 16, 1 / 8, 1 
/ 4, 1 / 4, 1 / 4, 1 / 4). Avoid liquid contact with the powder before mixing. 
When the timer is turned on, the mixing starts incorporating piles of powder into successively 
smaller larger (1 / 16 to 1 / 4). It employs a rotational movement slow to prevent overheating and 
acceleration control. Must spatula about 15 to 20 seconds after each addition of powder, and this 
by pressing and crushing the powder in the liquid reduce the film thickness of cement [7]. 
Depending on the viscosity required by the dentist, the addition of powder is the solution. Do not 
let mixture harden too fluid to increase the viscosity as this decreases the resistance final cement 
and increases the fragmentation of its matrix the oral fluids. The time of mixing takes about a 
minute and a half [7]. 
• Sealing. 
Using a spatula in his mouth, the cement is first deposited on axial internal walls of the crown seal, 
and in the cavity or on the tooth surface. Then, the prosthesis is applied to the tooth with a pressure 
occlusal firm on cotton rolls up to 8 to 10 minutes. 
3. Results and Discussion 
The method used was to study the mechanical and physical properties of zinc phosphate cements over a 
prolonged period, in different test mediums, and with variations in technic of preparation. 
Table 1. Mechanical and physical properties of zinc phosphate cements 
 Setting 
time (min) 
Film 
thickness 
(µm) 
Strength 
Compressive 
- 24 hours - 
(MPa) 
Strength 
   Tensile 
  -24hours-      
(MPa) 
Modulus 
of elasticity 
(GPa) 
Solubility 
and degradation 
in water (%) 
Specification 
of  ADA n° 8 
59(max) 25 max 68,7 - - 0,2 max 
Zinc Phosphate 5,5 20 104 5,5 13,5 0,06 
3.1. Resistance to compression or crushing 
  
For the majority of zinc phosphate cements marketed the compressive strength varies from 100 to 104 
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MPa (15,000 PSI) after 24 hours [5, 9]. Resistance reaches 75% of its maximum value after the first hour 
and its maximum value approximately within 24 hours, although it may increase during 1 week. 
It is closely related to the proportion that is powder-liquid 1.4 g / 0.5 mL for these performances. An 
increase in the powder-liquid ratio increases the resistance as shown in Figure 1. 
Fig. 1. Effect of ratio P / L on the compressive strength of two cement [6]. 1. Zinc phosphate, 2. Zinc polycarboxylate. 
Cement samples were prepared by increasing and decreasing the powder liquid 
P / L. The zero indicates the P / L recommended by the manufacturer. 
3.2. Tensile strength. 
 It is ten times lower than that in compression. According to Smith[10], this would facilitate the eviction 
of the excess by making them more fracture Easy. 
3.3. Shear. 
 It is 134 kg/cm2 and the breaking load of 38 kg / cm2. Despite this, the cement is brittle and the average 
hardness since it is nearly identical to that of dentin, but lower than that of enamel. 
3.4. Hardness. 
The hardness of the cement Knoop scale [5, 7, 9] is 45 kgf / mm2 in 24 hours and it reached 60 kgf / mm2 
after 1 week, the dentin hardness of 55. This explains the fact that these cements lack of cohesion, that is 
to say, internal resistance. 
3.5. Dimensional stability. 
She is good about the expansion, since it is almost identical to that of dentin. But this cement has a 
contracture end outlet that is not negligible. It comes from the exothermic reaction with which it is related 
to relatively constant [5, 7]. This retraction varies from 0.05% to 2%, causing cracks in the joint, 
increasing the solubility, disintegration and bacterial invasion. This retraction is more important contact 
1400   B. Chemani and H. Chemani  /  Procedia Engineering  42 ( 2012 )  1396 – 1401 
with air than in saliva. It is obvious that the cement should not be dried. If the cement is contact with 
water, the shrinkage is negligible compared to the sealing. 
3.6. Film thickness   
 The film thickness of cement is related to the size powder, but this thickness may be smaller than the size 
of particles that are reduced by dissolving in the liquid. The particles are crushed by kneading and 
pressure on replenishment when sealing. Too thick a film may 
result is a rich mixture in powder or bad thermal conditions (temperature of the plate and spatula its 
conductivity, rate of incorporation of the powder during mixing). 
According to the ADA, the film thickness of cement consistency standard should not exceed 25 IM for 
cement type I and 40 IM for type II. [5, 9] 
3.7. Solubility and disintegration. 
 It is a very important factor for a sealer. The dissolution results in marginal gap around the restoration 
prosthetic, which facilitates infiltration and bacterial decay. The zinc phosphate cements are highly 
soluble in water during the first 24 hours after taking the weight loss and is 
0.04 to 3.3%. A loss of 0.2% is considered acceptable. After this period, the solubility is very low. The 
solubility depends on the powder-liquid ratio. A high ratio decreases the solubility. Once the cement has 
been completed, the solubility in water is minimal, but it is attacked by acids. In the oral cavity, harmful 
agents such as organic acids and ammonia are present in varying concentrations depending flora and food 
present [6, 7]. The exact mechanism of this solubility is unknown. 
Analysis of material extracted from the cements show zinc in larger quantities than any other element, 
with phosphorus, magnesium ... The matrix is probably attacked first, and the resulting erosion and 
crumbling cement and disintegrates. 
3.8. Thermal conductivity. 
The thermal conductivity is low. These cements are good insulation under the metal fillings. 
The electrical conductivity is very low in dry conditions. In rural wet cement with zinc phosphate lose 
their power insulator because zinc goes into solution and zinc oxide has a character semiconductor. This 
can lead to marginal changes, the color change observed in the denture during loosening of its 
materializing electrical phenomena. They are due to displacement of metal ions through the cement when
passage of electric current (electrogalvanic oral) between different metallic elements present in the 
mouth. It is when the setting and during the early hours that the changes have the greatest impact on the 
cement. 
Cement is inevitably brought into contact with moisture by external liquid, saliva and gingival fluid, and a 
vital tooth, Fluid coming from the internal environment that produce hydration low but not negligible. In 
addition, a restoration, even though adjusted, is not never less than 10µm the stump, in fact the gap [5, 9] 
is around 40 to 60 µm. The electrolysis phenomena are more important than binding intermediate formed 
by the sealer is an electrical conductor. The insulation, either thermal or electrical, seems proportional to 
the thickness of the film. 
 3.9. Porosity.  
These cements are porous due to their crystalline structure. Indeed, cement hardening gradually over the 
outlet, the diffusion atomic excess acid becomes more difficult. Being porous, these cements are soluble 
in oral fluids. By the standards of ADA [1, 9], the solubility of cement immersed in distilled water for 7 
days does not exceed 0.3%. Top products show lower [8] values of 0.1±0.1. 
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 3.10. Retention. 
These cements do not form chemical bond with the enamel or dentin. Retention of the prosthetic 
restoration sealed by Zinc phosphate cement is made by mechanical latching cement in the surface 
roughness of dental tissues [2, 7]. Retention of the restoration is mainly determined by the geometry of 
the cavity and not by the adhesive characteristics of zinc phosphate cements. Another important factor is 
the thickness the film of cement is directly linked to the pressure exercised during the sealing, in effect, 
the more pressure is important is the thinnest layer of cement and consequently, the better the seal. [9] 
This is partly due to the fact that the cement has heterogeneities (emptiness, structural defects) which are 
proportional to the thickness of the film. 
4. Conclusion 
The zinc phosphate cements are very popular and used in dentistry. Studies comparisons with other 
cements show their good qualities on many levels: hardness, stability ...  
The knowledge of their physical, mechanical and chemical, as well as respect for how to use them, 
promising a better indication.  
The compressive strength tested as demonstrative of clinical performance are very low for zinc 
phosphate.  
They are below the 70 MPa after 24 hours. Of similarly, this weakness is true for other physical 
properties that characterize the mechanical behavior (resistance to bending, modulus of elasticity, 
resistance to the bill, hardness test). 
The zinc phosphate cements, begin to be replaced by more advanced products and better tolerated, 
especially on vital teeth. Apart from these cases, they find a great indication. 
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